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February 25. 

SIR Wm. R. HAMILTON, A. M., President, in the Chair. 
Rev, H. Lloyd read a letter which he had recently re- 
ceived from M. D'Abbadie, relating to his scientific expedi- 
tion in Africa. The following is an extract. 

" Abta, (Abyssinia,) July 24(A, 1838. 

" Our voyage to Abyssinia (my brother accompanied 
me) was chiefly undertaken in order to learn the principal 
languages of that country, and the best manner of travelling 
in it, with a view of returning to Europe, there to prepare a 
complete and well directed expedition. We left Cairo in 
December 1837, and proceeded by Keneh and Ckosair to 
Djiddah, where I took a great deal of pains to correct, by 
local information, the nomenclature of places on the Red 
Sea. We next proceeded to Massawwa, where I remained 
alone for nearly two months, studying the Hababi tongue, a 
Semitic language, nearly allied to Ethiopic, and spoken 
from Ansky Bay almost as far as Sawakim. The customs 
and manners of the Habab tribes afforded me several proofs 
of their Arabian origin. On my brother's return from the 
high lands of Abyssinia, I proceeded with him into that 
country, carrying our baggage, instruments, &c Unfor- 
tunately we were detained so long on the road, by a chain 
of untoward circumstances, that the rainy season set in be- 
fore we reached this place. After a forced stay of twenty 
days, and a tiresome journey of twenty more, we arrived 
safely in Goander, the splendid but fallen capital of Ethio- 
pia. Here I made myself master of the AmarSa language, 
at least enough to travel without an interpreter, and got 
some valuable information on the sources of the White Nile. 
Our object being now attained, it was high time to turn 
back before the swollen waters of the Tacazay had com- 
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pletely shut up the road towards the sea-coast. But my 
brother could never be induced to give up the game that 
seemed already within his grasp ; and when we parted at 
Goander, he was already directing his steps to the unknown 
regions of Damoh, Enarea, Kafa, and Djandjow. May the 
Almighty God look with favour on the daring and lonely 
traveller ! 

" I need not tell you that all my barometers were shiver- 
ed to atoms long before I crossed the mountain passes of 
Abyssinia. I was obliged to have recourse to observations 
on the temperature of boiling water, for which I was pro- 
vided with an excellent and delicate thermometer. As au- 
thors do not exactly agree in the manner of calculating these 
observations, I shall here insert some of the original entries. 
They will throw some light on the long disputed question of 
the height of Abyssinian mountains. 

Boiling Water. Air. 

" Mountains near Halay (primitive rocks) 29th March, 6 A. M. 93°.9 14°.4 

Adwa id. .... 10th May, 8 a.m. 94.15 25.3 

Terasoga (east bank of the Tacazay) 19 th May, SJa. M. 95.18 25.8 

Tacazay, (close to the water) . . 20th May, 9 A. M. 97.30 25.0 

Amodjagi, (west bank of the Tacazay) 27th May, 6 A. M. 90.80 20.0 

Goander, 8th June, 7 P. M. 93.25 22.2 

Kaba, (village near Samen) . . 5th July, 5 a.m. 91.35 18.3 

Ewari, (on Mount Bawhit) trap rocks 7th July, Noon, 89.56 24.1 

"The summit of Mount Bawhit is at least 1800 feet above 
the village of Ewari. This Mount Bawhit is, after Amba Hai, 
the highest mountain in Abyssinia. When I crossed part of 
it, the ground was covered with unmelted hail, which looked 
at a distance like snow. This observation conciliates in 
some measure the conflicting testimonies of Bruce and 
Salt." 

" Alexandeia, 31st December, 1838. 

" I had deferred closing this, until I could discover some 
means of forwarding it to Europe. Unfortunately, after a 
long and fruitless delay, I was compelled to be my own mes- 
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senger as far as Egypt. On my way home, I sailed from 
Massawwa to Mokha, where I collected several valuable re- 
marks on the language and country of the Somali. During 
three tedious months on the Red Sea, I succeeded in learn- 
the Ilmorma language, which is spoken through immense 
tracts of central Africa. I am now hastening to Europe, 
where I shall lay an abstract of my journey before the sci- 
entific world." 

Mr. Lloyd made a few remarks on the heights of the 
mountains, as determined by the preceding observations. 



Mr. Petrie exhibited to the Academy two golden Torques 
or collars, found about twenty-five years ago on the Hill of 
Tara, the residence of the Irish monarchs anterior to the 
sixth century. The first is five feet seven inches in length, 
and weighs 27 oz. 9 dwts. The second is five feet six inches 
in length, but weighs only 12oz. 6dwts. These Torques 
are of a screw or spiral pattern, as will be seen from the 
subjoined wood cuts ; and though the design is rude, the 



workmanship is of great beauty. Torques of similar size 
and pattern have been frequently found in Ireland, and 
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are often accompanied by armillae or bracelets of the same 
description. 



The term Torques, by which antiquarians usually desig- 
nate these ornaments, is one of frequent occurrence in the 
classic authors. The word is generally derived from the Cel- 
tic Tore, a twisted collar, or perhaps, more correctly, a twisted 
circular ornament of any kind, as the ancient Irish called a 
collar or neck-chain mun-torc. And since the Latin verb tor- 
queo has no cognate in Greek, it is probably formed from 
the same Celtic root. 

Collars of this kind seem to have been common to all the 
Celtic nations, as we find from ancient writers. Livy tells 
us, that Publius Cornelius, in his triumph over the Boii, a 
Gallic nation, collected, among the spoils, no less than 
1470 Torques : and we find in Propertius, that Virdumarus 
king of the Gauls, wore such an ornament. Dio Cassius 
notices a Tore of this description, as ornamenting the per- 
son of the British Queen Boadicea; and'even within a few 
centuries of the present time, a Welsh Prince was called Lle- 
wellin aur dorckag, or Llewellin of the Golden Tore. The 
Torques found in France and Wales are exactly similar to the 
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Irish : a fine one found near Harlech, in the year 1692, is 
preserved in the Mostyn family in Flintshire. 

It has been supposed by some antiquarians, that the use 
of these ornaments was derived from the Romans. But the 
great number discovered in Ireland is opposed to such a 
conjecture, and we may with much greater probability refer 
them to a Celtic origin. It does not appear that they were 
generally worn by the Romans; and the very appellation 
Torquatus, which was bestowed on Titus Manlius, from the 
Golden Tore taken by him from a Gaul, whom he slew in the 
year of Rome 393, and which was continued as a surname in 
his family, seems to indicate, that the Torques was not 
familiar to the Romans at the time. 



The Rev. H. Lloyd, V. P., laid on the table the stereo- 
scope of Professor Wheatstone, and briefly explained the 
information which it afforded on the laws of binocular vision. 



The President delivered the following Address to the 
Academy. 

I have now the honour to inform you, that your Council, in the 
exercise of the discretion entrusted to them by you, have taken into 
their consideration, since the commencement of the present session, 
the various papers which had been for a few years past communicated 
to our Transactions, on several different subjects, in order to deter- 
mine whether any and which of those papers should be distinguished 
by the award of a Cunningham Medal : and that the medal for the 
most important Paper in Physics, communicated to us during the 
three years ending in March, 1838, hasbeen adjudged to Dr. Apjohn, 
for his Essay on a New Method of investigating the Specific Heats of 
the Gases, published in the First Part of the Eighteenth Volume of 
the Transactions of this Academy. 

The importance of the study of what are called the imponderable 
agents, is known to all physical inquirers. Indeed it would appear, 
that as the scientific history of Newton, and of his successors during 
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the century which followed the publication of his Principles of Natu- 
ral Philosophy, is connected mainly with the establishment of the law 
of universal gravitation, and with the deduction of its chief conse- 
quences ; so are the mathematical and physical researches of the 
present age likely to be associated, for the most part, with the study 
of light and heat and electricity, and of their causes, effects, and con- 
nexions. Whatever, then, whether on the practical or on the the- 
oretical side, in the inductive or the deductive way, may serve to 
extend or to improve the knowledge of these powerful and subtle 
agents or states of body, which are always and everywhere present, 
but always and everywhere varying, and which seem to be concerned 
in all the phenomena of the whole material world, must be received 
by scientific men as a welcome and valuable acquisition. 

Among researches upon heat, the highest rank is, (I suppose,) 
by common assent, assigned to such works as those of Fourier and 
Poisson, which bring this part of physics within the domain of ma- 
thematical analysis. That such reduction, and to such extent, is pos- 
sible, is itself a high fact in the intellectual history of man ; and from 
the contemplation of this fact, combined with that of the analogous 
success which it was allowed to Newton to attain in the study of 
universal gravitation, we derive a new encouragement to adopt the 
sublime belief, that all physical phenomena could be contemplated 
by a sufficiently high intelligence as consequences of one harmo- 
nious system of intelligible laws, ordained by the Author and Up- 
holder of the universe; perhaps as the manifold results of one such 
mathematical law. 

But if those profound and abstract works, in which so large a part 
is occupied by purely mathematical reasoning, suggest more imme- 
diately the thought of that great intellectual consummation, we must 
not therefore overlook the claims of experimental and practical inqui- 
rers, nor forget that they also have an important office to perform in 
the progress of human knowledge ; and that the materials must be 
supplied by them, though others may arrange and refine them. Es- 
pecially does it become important to call in the aid of experimental 
research, when facts of a primary and (so to speak) a central charac- 
ter require to be established ; above all, if the establishment of such 
facts has been attempted in vain, or with only doubtful success, by 
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eminent experimentalists already. Now, in the theory of heat, the 
research of the specific heats of the gases is one not far removed from 
such primary or central position, being no mere question of detail, 
but intimately connected with the inquiry into the nature of heat 
itself; it is also one which has been agitated by eminent men, and 
results have been obtained by some, and disputed by others, of which 
it is interesting, in a high degree, to examine the correctness or in- 
validity. For a new examination of this kind, conducted by new 
methods of experiment, the present award has been made. Of the 
nature and grounds of this award, I now proceed briefly to speak j 
and first, it may be proper that I should remind the Academy of the 
meaning of this phrase specific heats, and of the phenomena which 
suggest the name and the conception. 

When any two equal volumes of water at any two unequal tempera- 
tures are mixed together, the mixture acquires, in general, a tempera- 
ture which is either exactly or atleast very nearly intermediate between 
the two original temperatures, being as many degrees of the thermo- 
meter below the one, as it is higher than the other. But if a pint 
of mercury at 60° and a pint of water at 80° be brought in contact 
and acquire thereby a common temperature, it is found that this last 
is not so low as 70° ; and that thus, this passage of heat, from the 
warmer water to the colder mercury, has cooled the former less than 
it has warmed the latter, as indicated by the degrees of a thermo- 
meter. Phenomena of this kind suggest the conception, that only a 
part of the heat contained at any one time, in any particular body, 
affects the senses or the thermometer ; and that the remainder of the 
heat is insensible, latent, or hidden : so that water, for example, 
absorbs or hides more heat than the same bulk of mercury at any 
temperature common to both, and that for any given increase of 
that temperature (measured by the thermometer) the former absorbs 
or renders latent more than the latter, while, on the contrary, in 
cooling through any given number of degrees, it sets a greater quan- 
tity free. Many other phenomena are made intelligible by such 
a conception, and even more immediately suggest it. Thus, if we put 
a pound of freshly frozen ice in contact with a pound of water, which 
is warmer than it by about 140° of Fahrenheit's thermometer, the 
result will be two pounds of water, not at an intermediate, but at the 
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lower temperature ; the excess of heat of the originally warmer water 
having been all employed in the mere act of melting the ice, or having 
all become insensible or latent, in the new water formed by melting it. 
And the principle that heat is absorbed or rendered latent in the pro- 
duction of steam from water, but is given out or set free again when 
the former is condensed into the latter, is part of the theory of the 
steam-engine. But because this phraseology suggests a view of the 
intimate nature of heat, which is at most hypothetical only, it has 
by many persons been thought better to use the word specific, in- 
stead of latent; and to speak of the specific heats of bodies in a sense 
analogous to that in which we speak of their specific gravities, to ex- 
press only certain known and measurable properties of these bodies, 
in relation to the unknown principle of heat. And thus we say, that 
water has a greater specific heat than mercury, implying only that, 
whatever be the reason, any given bulk or weight of water produces 
a more powerful heating effect than is produced by the same bulk 
or weight of mercury, when both are cooled through the same number 
of degrees, by contact with a body of a lower temperature. 

The specific heats of solids and of liquids are comparatively easy 
of determination ; but the great rarity or lightness of the gases 
renders the measure of their specific heats more difficult. The 
former may be investigated with much accuracy, by the aid of 
Laplace's calorimeter : which is an instrument for measuring (by 
weight) the quantity of ice that is melted by the heat produced or 
set free in the cooling of a given weight of the proposed solid or 
liquid body through a given range of temperature. But in applying 
the same method to the latter question, that is to the inquiry into 
the heats of the gases, it appears to be difficult to disentangle the 
small effect of this sort produced by the cooling of any moderate 
bulk of gas from the effect produced by the cooling of the envelope 
in which that gas is contained. Several other methods also of inquiry 
into this delicate subject, however ingeniously devised and carefully 
executed, by men of deservedly high reputation, have been consi- 
dered liable to the same or to other objections, and have failed 
to inspire any general confidence in their results. It seems, how- 
ever, that the problem has Been at length, to a great extent, resolved, 
by the employment of that other method, which was invented a 
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few years ago by Dr. Apjohn here, and elsewhere by Dr. Suerman ; 
and which may be said to consist in determining, (indirectly,) through 
the help of a thermometer with moistened bulb, the weight of gas 
which is required for the conversion (at a known temperature and 
under a known pressure) of a known weight of water into vapour, 
by cooling through a number of degrees which is known from obser- 
vation of another thermometer. 

The general theory of the evaporation hygrometer, or the manner 
of employing a thermometer with moistened bulb, to discover the 
amount of moisture which is contained at any given time in the 
atmosphere, was very well and clearly set forth by Mr. (now Sir 
James) Ivory, in Tilloch's Philosophical Magazine for August, 1822. 
The same theory was also discovered by M. August of Berlin, with the 
date of whose work upon the subject I am unacquainted, having only 
seen the extracts made from it in M. Kupffer's Meteorological and 
Magnetical Observations, (published at St. Petersburgh in 1837,) and 
in a recent volume of M. Quetelet's Correspondence. It appears, 
indeed, that M. Gay Lussac had prepared the way for this discovery, 
by his researches on the cold of evaporation ; and the laws of the 
elastic force of vapour, and of its mixture with the gases, without 
which the theory could not have been constructed, are due to the 
venerable Dalton. Notwithstanding all that had thus been done, the 
subject seems to have attracted little general notice in these coun- 
tries, until it was recommended to the attention of scientific men at 
the first meeting of the British Association ; and Dr. Apjohn, who 
was thus led to examine it anew,f was not aware of the results that 
had been already obtained. He thus arrived at a new and indepen- 
dent solution, of which he had the satisfaction of testing the correct- 
ness, by several different series of experiments ; and this success 
encouraged him to extend the research, and to apply the same prin- 
ciples and methods to other gases, and not to atmospheric air alone. 

* Dissertatio Fhysica Inauguralis de Calore Fluidorura Elasticorum Specifico ; 
auctore A. C. G. Suerman : Trajecti ad Rhenum, 1836. An excellent work, to which 
every student of this subject must refer. 

f It appears that another Member of the Academy, Dr. Henry Hudson, was also 
led, by this recommendation, to consider this interesting subject. 



281 

He perceived that whatever the gas* might be, in a current of which 
was placed the thermometer with moistened bulb, the minimum or 
stationary temperature of that thermometer must be attained when 
just enough of heat was given out in cooling, by each new por- 
tion of gas, to cause the evaporation of that new portion of mois- 
ture with which this gas was at the same time saturated ; and that 
thus the amount of depression would vary inversely as the spe- 
cific heat of the gas, all other circumstances being the same. He in- 
vestigated, however, the allowances that should be made for varia- 
tions in such other circumstances, and took all other precautions 
which his experience pointed out to be important. The consequence 
has been a new determination of the specific heats of several different 
gases, on which it seems that much reliance may be placed, from the 
nature of the method, and from the agreement of the partial results 
with each other, and with those of Dr. Suerman, though some of 
these results differ widely from those obtained by methods previously 
employed ; the specific heat of hydrogen, for instance, being found by 
Apjohn and Suerman, to be, under equal volumes, greater than that 
of atmospheric air in the ratio nearly of seven to five ; whereas some 
former experimenters had supposed it to be equal or inferior. And by 
such results the law which had been thought to be obtained by a former 
eminent observer, namely, that all the simple gases have, under equal 
volumes, the same specific heat, appears to be overthrown. It is im- 
possible not to feel some degree of regret, when we are thus compelled 
toabandon a view which had recommended itself by its simplicity, and 
had been found to be in at least partial accordance with facts ; but 
besides that the search after truth is the primary duty of science, the 
whole tenor of scientific history asssures us, that each new seeming 
complexity, or apparent anomaly, which the study of nature presents, 
is adapted ultimately to lead to the discovery of some new and 
higher simplicity. 

A somewhat more distinct conception than the foregoing remarks 

* Dr. Suerman states, that M. Gay Lussac perceived that the specific heat of 
amy gas must be connected with the degree of cold produced by the evaporation of 
a liquid placed therein ; but the remark appears to have been merely made in pas- 
sing, and to have been afterwards neglected and forgotten. 
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may have given, of the nature of Dr. Apjohn's method, may be at. 
tained by a short study of that first experiment described by him, in 
which it was found that in a stream of dry hydrogen gas, in which a 
thermometer with a dry bulb stood at 68°, the one that had the mois- 
tened bulb was cooled to 48° of Fahrenheit ; the barometer indi- 
cating at the same time an atmospheric pressure of 30.114, inches. 
From the stationary state to which the second of these two ther- 
mometers had been reduced, it is clear that the continual supply of 
heat, required for the continuing evaporation of moisture from the 
bulb, was supplied neither from the water with which that bulb was 
moistened, iror from the mercury which it contained, but only from 
the stream of warmer gas which continued to pass along it ; the small 
effect of radiation from surrounding bodies being neglected in com- 
parison herewith. Each new portion of the current of hydrogen, in 
cooling from 68° to 48°, must therefore have given out very nearly 
the precise amount of heat absorbed by that new portion of moisture, 
which passed at the same time from the state of water to the state of 
vapour, at the temperature of 48°. It is also assumed, apparently 
upon good grounds, that after the moist bulb attains its stationary 
temperature, the whole (or almost the whole) of the new gas, in be- 
coming fully cooled, becomes at the same time fully moistened, or 
saturated with the new vapour ; this vapour being intimately mixed 
with the gas which had assisted to form it 5 and every cubic iuch of 
this mixture containing exactly (or almost exactly) as much moisture 
as a cubic inch could "contain, in the form of vapour, at its own tem- 
perature : a quantity which is known from the results of Dalton, re- 
specting the elastic force of vapour. From those results it. follows, 
that in the present case, the temperature of the vapour being 48°, its 
elastic force must have been such that it could by itself have sup- 
ported the pressure of a column of mercury, 35 hundredths of an 
inch in height ; but the pressure upon the mixture was equivalent to 
a column 30 inches and 1 1 hundredths high ; therefore the pressure 
which could have been supported by the hydrogen alone, at the same 
temperature of 48°, was equivalent to 29 inches and 76 hundredths : 
so that, by the known proportionality between density and pressure, 
the weight of the gas which was contained in the whole or in any part 
of this mixture would have exceeded the weight of the vapour in the 



283 

ratio of 2976 to 35, or in the ratio nearly of 85 to 1, if the weight of 
a cubic inch of hydrogen gas were as great as that of watery vapour, 
under a common pressure, and at a common temperature. But under 
such circumstances, a cubic inch of vapour weighs about nine times as 
much as a cubic inch of hydrogen ; we must therefore divide the 
number 85 by 9, and we find that in the present case the mixture con- 
tained only about 9£ grains of hydrogen for every grain of vapour; 
and thus we learn, from this experiment, that the heat required for 
the evaporation of a grain of water at the temperature of 48° might 
be (and was in fact) supplied by the cooling of about 9^- grains of 
hydrogen from 68° to 48°. But in order to produce the same 
amount of evaporation by the heat which water would give out, in 
cooling through the same range of temperature, it is known from 
other experiments that it would be necessary to employ about 56 
grains ; therefore 9^ grains of hydrogen have nearly as much heating 
power as 56 grains of water, or one grain of the former contains 
almost as much specific heat as six grains of the latter. All this is 
stated in round numbers, and with the omission of all lesser correc- 
tions, for the sake merely of such members as may not have attended 
to the subject, and yet may wish to have a clear, though general no- 
tion of it. Those who desire a more exact account will, of course, 
turn to the Essay itself.* 

With respect to those independent, but analogous researches of. 

* The formula given by Dr. Apjohn for the general solution of the problem of the 
moist bulb hygrometer, in any gaseous atmosphere, is, 
,„ _ ,, 48ad p , 

' ~ f ~— x So" 

in which e is the caloric of elasticity of vapour, at the temperature *' of the hygro- 
meter ; p is the atmospheric pressure ; d is the difference between the tempera- 
tures of the dry and wet thermometers:/' and/" are the elastic forces of the vapour 
of water, at the temperature of the hygrometer, and at that other temperature at 
which dew would begin to be deposited ; and a is the specific heat of the gas, com- 
pared with that of an equal weight of water, and multiplied by the specific gravity 
of the same gas, compared with that of atmospheric air. For the case of a current 
of dry gas/' = o, and 

48d p 

in which, as also in the other formula, it would be a little more exact to write 
P—f instead of p. A correction is given for the case of a mixture of gas with air j and 
the influence of other corrections also is taken into account. When a is divided by 



284 

Dr. Suerman,* to which allusion has been made, they seem (as has 
been said) to confirm as closely as could be expected, under the differing 
circumstances of the experiments, the results of Dr. Apjohn ; of whose 
labours, indeed, that eminent foreigner has spoken in the most hand- 
some terms, and in favour of whom he has freely waived, upon this 
subject, all contest for priority. But even if among the many per. 
sons who now are cultivating science in many distant countries, and 
whose results are sometimes long in coming to the knowledge of 
each other, it should be found that some one has anticipated our 
countryman and brother academician in the publication or invention 
of the method which I have endeavoured briefly to describe to you, or 
if, on the other hand, his own future reflections and experiments, or 
those of any other person, shall indicate hereafter the necessity of any 
new improvement, your Council still will have no cause to regret that 
they have adjudged the present distinction to a paper which contains 
so much of independent thought, and so much of positive merit. 

[The President then delivered the Medal to Doctor Apjohn, 
addressing him as follows.] 

Doctor Apjohn, 

In the name of the Royal Irish Academy, I present to you this 
Medal, for your investigations respecting the specific heats of the 
gases ; hoping that it will be received and valued by you, as attesting 
our sense of the services which you have already rendered to that 
important and delicate department of physical research ; and that it 
will also be to you a stimulus and an encouragement to pursue the 
same inquiry further still, so as to improve still more the results al- 
ready obtained, and to establish other new ones ; and thus to connect, 
more and more closely, your name and our Transactions with the 
history of this part of Science. 



the known number 0,267 the quotient is the specific heat of the gas compared with 
that of an equal volume of atmospheric air: and the sensible inequality of the 
specific heats so found, for different simple gases, is the chief physical conclusion 
of the paper. 

* It is proper to remember that Dr. Suerman published his Dissertation without 
having seen the last and most correct results of Dr. Apjohn, contained in the 
present prize Essay. This remark applies particularly to the specific heat of 
hydrogen. 



